Principles of Remote ExPloration (PREP)

for Mars

Mars Rover Sample Return Mission

STUDENT VERSION

Artist’s concept of a Mars rover.
(courtesy of NASA)

Introduction:

You are a team of NASA scientists and engineers. Your mission is to deploy a
remotely operated rover to retrieve a sample of terrain from Mars. You will be
competing against other teams to be the first to successfully retrieve a sample
from Mars. Before launching your rover to Mars, you must first conduct tests in
the Arizona desert. Each team is divided into four smaller teams to accomplish
specific goals to complete the mission. The roles of each team are:

1. Rover (ROV) - 1 student or adult volunteer.

e Objective: Navigate the Mars terrain while blindfolded. The rover
receives command sequences from COM.

e Materials: blindfold

2. Mapping (MAP) - 1 or 2 students.

e Objective: Produces scale maps of the terrain using graph paper. The
team must first map Arizona. The Arizona map is then compared to
the satellite imagery of the Mars terrain when the rover is launched.

e Materials: large graphing paper, pencils, rulers

3. Communication (COM) - 2 students.

e Objective: Develops the communications strategy and delivers the
commands to the rover. Command sequences are tested on the rover
while in Arizona. MAP suggests to COM the best route the rover can
use on the Mars terrain.

e Materials: index cards, pencils, data table (p.7)

4. Calibration (CAL) - 1 or 2 students.

e Objective: Works with ROV to measure step size while in Arizona.
Makes recommendations to COM on rover’s step capabilities.
Monitors the rover’s progress, reporting to MAP to update the rover’s
position on the map.

e Materials: rulers, pencils, data table (p.10), calculators (optional)
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Arizona phase: Scientists can’t actually travel to Mars before sending a rover. If

Your Mission:

they could, what would be the point of using a rover? Instead, scientists use
satellite images to create maps. Your team must create a scale map of your
“Martian terrain”. Be sure to include any obstacles the rover may encounter. You
will not have time to carefully map each feature, so make estimations. Once your
map is complete, return to Arizona and work with COM and CAL to calibrate the
rover’s movements and compare them to the scale of your map. Do not show the

map of Mars to the Rover at any time.

Mars phase: Mission Control has launched the Rover. View the Mars terrain from
a remote location. Compare the image you see on the screen with your map. Your
teacher will show you the sample site on Mars. Plot it on your map. Once your
Rover has landed, plot the path on your map the Rover will take to reach the
sample site. While CAL and COM assemble the command sequence, mark the
path on your map. Once the Rover begins to move, you will need to make sure it
Is staying on track. MAP team must never leave their post at Mission Control.
Remember, the clock is ticking! Every moment counts! You want to be the first

team to reach the sample.
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;<% Mapping Team

Goal: Produce to-scale map of terrain.

Use large graph paper and rulers to map out the Arizona terrain. REMEMBER you
only have enough time to estimate your measurements!

Discussion Questions:

« What is your measurement strategy? (Hint: are there floor tiles or other
ways to extrapolate one measurement to a larger distance?)

« What units are you using for measurement?

« How accurate are your measurements?

« How precise do you think they need to be? (Talk to your Calibration
Team!)

« Look at your map. What is the scale of your map?

. Can you identify regions that might be difficult for your rover to navigate
through?

« What are the most important features in your map for the rover?
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Your Mission:

Arizona phase: While in the desert, you must determine how many commands
the rover can reliably execute in each command sequence. There are a set number
of commands that the rover can remember. You will write a set of commands on
index cards and put them in the order you want them executed for each sequence.
If the rover fails to remember a set of commands, it will shut down until a new
command sequence is received. This can cost your team valuable time. Complete
the chart on page 7 to show each command sequence, whether or not it was

successful, and the time it took to execute the commands.

Mars phase: Mission Control has launched the Rover. Consult with MAP and
CAL to determine how to reach the sample site. Write your first command
sequence on an index card. Send a “signal” to Mars (one student walks to the Mars
terrain with the index card). Read out the command sequence to your rover. After
you say goodbye, you must return to Mission Control before another sequence can
be sent. Review the movements of the rover on the satellite image. Write another
command sequence. Deliver the signal to the rover. Repeat the procedure until the
rover reaches the sample site. Remember, the clock is ticking! Every moment

counts! You want to be the first team to reach the sample.
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Goal: Develop a communications strategy with the rover.

Determine the appropriate length for a command sequence. Determine how long it
takes to perform a command sequence, and which sequences are more efficient.

Arizona phase: Use this list of commands to test on your rover.

Turn (right or left, number of degrees)
Forward (number of steps)
Backward (number of steps)

Bend (at waist)

Unbend (at waist)

Extend (right or left) Arm (angle)
Retract (extended arm)

Grasp (with hand)

Lift (sample)

One set of commands must be written on one index card per “signal” sent to the
rover. The command sequence™ is delivered as follows:

COM touches rovers shoulder and says HELLO <rover name>.
ROV says HELLO.
COM reads the command sequence™ from the index card.

ROV repeats the sequence. If sequence is repeated incorrectly, COM repeats the
sequence until the rover gets it right.

COM says CORRECT <rover name>. EXECUTE.
6. ROV says GOODBYE.
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* An example command sequence is:
a. COM: Hello, “Rover Marty”.
b.ROV: Hello.
c. COM: Go forward 5 steps, turn 90 degrees left, forward 3 steps.
d.ROV: Forward 5 steps. Turn 90 degrees left. Forward 3 steps.
e. COM: Correct, Rover Marty. Execute.
f. ROV: Goodbye.
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Discussion Questions:

How many commands can your rover remember?

« Does it make a difference if you try to do it fast? Why?

« Does telling your rover to move FORWARD 10 get the same results as
FORWARD 5 twice? How close are the results, in both time and distance? (Talk
to the Communications Team!)

« How long does it take you to move the rover across the room?

« Now put a chair in the path of the rover so you have to move around it. Now
how long does it take you to move across the room?
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What units are you using o measure time?

Command Sequence

Successful?

Time
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YOUR MISSION:

Arizona phase: Engineers must always test the performance of a rover. How it
performs in the lab may not be the same way it performs on the Mars terrain. In
the desert, you are responsible for measuring the performance of the rover as COM
delivers commands. Listen as COM gives commands and measure the distance
traveled by the rover. Record the measurements of the rover’s movements in the
data table on page 10. Once you have made all your measurements, make a graph,
comparing the number of steps to the distance traveled. Now try blindfolding your

rover. Does the rover travel the same distance as before?

Mars phase: Mission Control has launched the Rover. Work with MAP to
compare the map with the remote view of the terrain. Calibrate the size of the
Rover’s steps and directions of its movements with the map For example, how
many Rover steps equals 1 square on the graph paper? Once the Rover has landed,
work with MAP to determine the best possible path to the Mars sample. Then
work with COM to create a command sequence. Use what you learned during the
Arizona phase to help you make wise decisions about how many steps or changes
of direction the Rover should execute at one time. The CAL team must never
leave their post at Mission Control. Remember, the clock is ticking! Every

moment counts! You want to be the first team to reach the sample.
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Goal: Calibrate the rover’'s movements.

Listen as COM give commands, then measure the distance traveled by the rover.
Repeat several times and get an average value. Plot the results. Extrapolate.

Discussion Questions:

What is your measurement strategy? (from the toe, left foot, right foot, etc)

« How accurate are your measurements?

« How precise do you think they need to be? (Talk to your Mapping Team!)

« Look at your graph. What is the relationship between number of steps and
distance traveled? Estimate how far the rover will go in 10 steps:




What units are you using?

X
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Trial 1

Trial 2 | Trial 3

Trial 4

Average

1 Step

2 Steps

3 Steps

4 Steps

5 Steps

6raph Your Results

What should the y-axis label be?

# of steps
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YOUR MISSION:

Arizona phase: As the Rover, you must follow the command sequences given to
you as precisely as possible. While you are blindfolded, you will need to trust your
team members and follow their commands. Remember, you are a robot, and you
don’t have any “on-board intelligence”. Do not make any moves unless a
command is given in the correct manner. Do not make any adjustments on your
own. You cannot communicate with your team members, except when repeating

back a command sequence to COM.

Mars phase: While you are on your way to Mars, your team members will
compare the map of Mars with the remote view. During this time, you will be sent
to a holding station close to Mars, where you will review the Rules on Mars. Once
you are blindfolded and have landed on Mars, signal Mission Control that you
have landed by waving your arms in the air. This is the start of the competition.
You must correctly repeat a command sequence to COM before making any
moves. If you make a mistake while executing the command sequence you will be
ordered to shut down. You must then go into “safe hold” (you do not move), until
a new command sequence is delivered. You will continue to execute command
sequences until you, or another rover, reach the sample site. Remember, the clock
Is ticking! Every moment counts! You want to be the first team to reach the

sample.
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Goal: Retrieve the sample from Mars.

Listen as COM give commands, repeat to COM, then execute each command.

Discussion Questions:

What was the most difficult part of being a Rover? Why was this part difficult?

Rules while on Mars:

1.
2.

Rover must remain blindfolded at all times.

If the rover makes a mistake, the monitor places the rover into SAFE-
HOLD. The rover must stop immediately and wait until the next set of
commands is delivered.

If a rover runs into another rover, the monitor places the rover in SAFE-
HOLD. The other rover gets to go first, even if it takes that team longer to
get the commands to their rover.

A rover may not move parts of the terrain; it must go around. If a rover runs
into an obstacle, the monitor places the rover into SAFE-HOLD.

If a rover is driven out of the view, the monitor returns the rover to the edge
of the field of view (facing out) and places the rover in SAFE-HOLD.

The rover that picks up the sample first and “lifts arms overhead” is the
winner.
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Goal: Plan and execute a test run.

Pick a START and FINSH in the area mapped by the Mapping team. Give
yourself a challenge! Using the information gathered by Calibration team, all
teams must plan a route on the map. Execute the plan and keep notes on how well
the plan works.

Suggested Procedure:
« Plan a route using your map.

« Put together a series of command sequences that will send your rover on the
planned route.

« Blindfold the rover and lead the rover to the START.

« CAL writes the 1% set of commands on an index card.

« COM delivers the commands as they practiced.

« The rover executes the commands.

« CAL work with MAP to update the rover’s position on the map.
« These steps are repeated until the rover gets to the FINSH.

Discussion Questions:
« How far is the planned route?

« Areyou able to follow your plan? If not, where is the difficulty arising?

« How long does it take to get the rover from the START to the FINISH?
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W ARIZONA TEST PHASE

Does the rover get better at remembering commands with practice?

Does the rover remember some commands or command sequences better
than others?

What is a reliable number of commands to use to ensure that the rover won’t
make a mistake?

Is the shortest distance always the fastest route? Why or why not?

What features of a map make it easier to use?

What is the hardest part of getting the rover to go where you want it to go?

What important reminders should be written down to make sure the run on
Mars goes smoothly?
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Mars Sample Return Mission

Goal: Plan and execute a remotely operated Sample Return Mission.

Map the Mars terrain (Mapping Team)

Launch the rover. (Rover leaves for Mars.)

Identify the “sample” from the Web Cam view and on your Map.

Land the rover on Mars and ensure it is viewable on the WebCam.

Plan the mission.

Assemble command sequences by placing index cards in proper order.
Execute each command sequence in turn. Make adjustments as necessary.

NoabkowdE

Repeat steps 6 and 7 until the rover retrieves the sample. ©

Sending a Signal to Mars: How long does it take?

The distance between Earth and Mars varies as the two planets move in their
orbits. The closets the two planets ever are is 5.6 x 10’ km (56 million km) and the
farthest they are ever apart is 3.99 x 10" km (399 million km). Command and
controls signals are sent to rovers on Mars using radio signals, which travel at the
speed of light, 3 x 10° km/sec. The relationship between speed, time traveled, and
distance traveled is:

speed = distance traveled / time traveled

How long does it take a signal to get to a rover when Mars is closest to Earth?
When they are farthest apart?

Find more fun facts about our Solar System on the NASA portal:
http://solarsystem.nasa.gov/planets/index.cfm

(Hint for remembering the relationship between speed, distance and time: what are the units of
speed on highway signs?)
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Mars Sample Return Mission

Discussion Questions:

How did viewing the activity via WebCam change the way you had to work?

« What was the hardest part of remote operations?

« What part of your work in Arizona did you use during the Sample Return
Mission?

« What would you do differently next time?

« What tools would make the job easier?
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